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^ impediment to th^ in , • 
monoclonal antibodies ea J ^ ° f mUrlne 

e£ aJ -< i^i^p^ 15:643 * es - Jaffe " 

Problem i s that A related 

— t cellul :;, ™Tr not efficie ^ 

nece Ssary to effect vario „ SyStem 
10 clinical response e ^ Vari ° US desi -d t herapeutic 

>een to J^,*^* ^ problems has 

antigen specific! th h nal a0tlb0die ' ° f d "-d 
^1 of resha*^ / ^ means, with the 

•"drafted . hman co„ s Lt t " , , ' " y 

»«»« :;™ tiy ° nt ° °- 

aiMric antibodies own ' t0 " e " e 

» i^ ^ *■ 

•« <»»<>. „„« ^ ir r * J - 3i2!6 «- 

complementarity deters • Var "ble region 

- -iable -giol S^?^ 10 - — human 

humanized, or resh 7 CDR -^afted 

- -ivo therapeutic' ! t0 date 

> -ch of the ^ S U : h nthe ^ states reflect 
»«nne antibody, la ° ^ aRProach - <*", a fully 
intervention in acute " ^ 

— imab, and ^» "X"' r^^" ^ 
P (acCiX1MD ) are chimeric 
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antibodies, the. former with 

approved for treatment of , 8P<,Clficlt * f ^ CD20, 
^Pho ma recurrences, the I?"' 6 s 
P^telet aggregation a l " of 

5 -t. ischemic card °^ a c P o P ;7 ed *« «e in reducing 
angioplasty. 2enan ° ^"^ations d uring 

a n ti :: r^trr^ a 

— Ptor, is e^*J^ clt * the IL - 2 
rejection other ' treatMnt <* acute renal 
10 antibodies = murine, chimeric k 

dles are Presently in clin , , ' and hum ani 2ed 

j J-a Clinical tn'ai„ 

-"bodies, using J th h ; r S been t0 «..t. fuli y - human 

is -ibod y - transgenic display or h — 

-assorted, expressed ^ be ci °»^ c°*binatoriali y 

Fab or scFv ( , Isin a ; d e d cha P aySd 35 
fragments on the surface , . re ^"> 

^^iM 8.. aS5 - 168 a ' e£ iiuaan 

> « .-230-234 (i 996); J' f^^^^t^^n^ 

— g .rag^ents : yteTb?^ 3 " 7 ^^ 

-ui ty to ^ bind a cho y se t n he a ; t b ; g ; n — - t he ir 

*-» phage 1 ^^:;^:;;: t onstrated ' usi »* — 

ld -ti fy hmnan phAbs that it is possibie 

-"gens of known ^J^^ -el e P i topes Qf 

Pnage di spiaying aenl8yntli 
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human SC Fv, identified a scFV win, 

novel epitooe 0 f th. , specifi city for a 

1 3(3), 92 . 69e ; 1994) tu ; t or h suppressor p53 - 

- ~: t :t; r speci " ed 

32 ■' ^mnou 157. -772-780 (1996 , ^ 6t 

^en hi gh a P f h f a i„ e it ? h P i ay ^wever, 
" aerate high ^ 

the chosen antigen ! e T ther h ^ inst 
154:893 (1995) ^ ^ ' ^^-^Unol^ 

92:6537-6541 ( 1995) I " ^^^^-M^ 
Prior ionization of „ „ "^i^ment for 

2 ° lilt, th, anti ens L t 

approach. ^ *** Messed Using this 

- con^d^t^r r aisynthetic — 

^, with a suff icient n, c °^e*ity - that 

" allow such affin, t to ^ " " - as to 

^nation. ^ JTT^ * ^ 

Griffith, et L ^^^^^ 8:l 55 - 168 

aPProach present 13:3245 m. 

3Q now being addressed 1 dlffiCUlties that are only 

30 — -ij^^c? r s seiected <*- * 

to increase aff^ y 
<* artif icial aff ( J"" ty ' thr0U * h on- of a variety 

--mty maturation techniques. Vang et 
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" — eJ-JiflJ* 254: :392- 40 3 (1995) . 

263:551-567 (1996 Th ' SChl " St 

ZZmmL, 33:47-56 (1995, Th " " * J " ' ^ 

5 ««d to hUffiani2e a e ant ; b s v echniques ' iike th ° se 

be repeated Individ'" f ^ 
antibody. ldUilly for each selected 

ant ib0 di es A 0 r:i; a : f ;; n i ;" on to g — * ^ *-> " 

10 been to create atr.L T " ^° Utilit * h - 

P-duce human a ntibodies ^ tranSgeniC — t hat 
t-nsgenic K^als, In " ™ (taMa 

X ; n ° m0USe ~ ^e endogenouri;;:: T^' ^ 
chain loci have been !„„„,.. Vy and 21 *t 

« no moiog ou S recoinb b ;:: t :; t d ? y 

comprehensive portion , su ^tantially 

-o m oso mes . z::zttt on yeast ar — 

<"97„ Ja *obovi ts , curr :^^ 1S:14 «-^ 

M /«741. In another ^ 73 ^ W ° M/02.02, WO 

ioci have been inactivated and ^ * ""^ * 

loci introduced on smal] P ° rtl ° nS ° f the *™an Ig 

^tent Nos . 5,661 01 7 5 instructs. 0 .s. 

' 5,54 5 , 8 o 6 . ' 6 ' 5 ' 633 '«5; 5, 625 , 126; 5 , 569/ 825; 

—ly ,1^7- a« inity may 

hmnan anti ^y-tran Sge nic .id ^ ' UCh 

w "h ^sired i TOogens In — -g such Blce 

established f or sta „ T ' * Pr ° tOCOls ™U- 

standard laboratory strain, 
the creation of high af . y Strains - Permits 

anti bodies , using standard^ fUlly " hmnan monoclonal 

n Zhe nanomolar 
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:::::: - - s „ ta „o„ Ut 

" L 6/33735 « th. t the 

respite intensive effnr-^ 

antibodies directed tn * . mono ^onal 
20 It T functi °nally-rel e vant epitopes 

certain e P ^ ^ ^ ^ *« ~\ h Z 

Pi topes prove immunodominant in <-k 
« natural inunune response; - ant » the course of 

is directed primarily and Une res P°nse 

structures .U.px^ Jl.'^^ " 

' ^ y/ ' Shmnick et a 7 ar^ 

has been shown to M L 11' ^ PSth ° gen 

-tural ilmune syst Z of the 

«SV, presents an "^"^ "^lal v irus 
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strategy p rese nt S clear problems for vaccine 
development. 

The issue of immunodominant epitopes also 

S " Sff0rtS " — 

s raLs th genS ^ ™ ni2ati - <* standard mouse 

hln t Xen ° geneic ^P^opes presented by 

human tumor ceUs preferentialiy * 

-rxne «ne system, and often swamp efforts to 

- c~fl c th h SPeCifiCity —-iated chan.es in 
cell surface phenotype. cai et al ., froc^NatlAcad 

SCA^JJSA 92:6537-6541 (1995). ~ 

One solution to the inherent bias of the 

o™: sy r; has been to drive the — ~ 

toward selected, and occasionally noninmunodoin . nant 

thr ° Ugh imiZati ° n ° f — ™c 

Peptides conjugated to carriers. In this way, 

antibodies can be generated to any chosen linear 
epitope on a protein, shinnicfe e£ ai., anru^ev. 
tec^ 37: 425 - 446 (1983); Atass . ^7^7 ^ 

5:38? - 409 (1985) - solution, how^" 

~ Pri ° r kn °— - -e identity and am no 
acxd sequence of the desired epitope, and provides no 

There is a need in the art, therefore, for 
-ana of identifying clinically-relevant epitop s of 
new or k nown antigens, and for a method of drivi g he 

:::r of miy - h - — - - ™ 
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Recent technical advances in measurina gene 
expression ha ve made possible the contemporaneous 
measurement of the expression of many, if not all 
genes transcribed in a eu.aryotic cell. Lasn^'et 
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(»«>; DeRisi « ,Tj~^ 

<» S7); .^'JTT*"**** 15i1359 - 136 ' 

Y nucleic acid transcript levels a kv 
U.S. Patent No. 5,549 588 ,„ Y 
measure a later T * et 

1° -I. disclose a -„ ^ " eXP " S5i -- A-hby at 

0Se a genome reporter matrix" in v ■ u 
one enfcodi.ent, each element of th. ^ ti "u ' ^ 
addressable matrix consists Qf g 

cells), rather than nucleic ^ ^ ^ ° f 
matrix location contain Us at each 

* directs expression f reCOfflbin -t construct that 
regulator/eielt 0 T" 9 "'^ te -«iPtlc«l 
*«- the repo:::;^"- Wt '' ~- Signals 
controlled by the e *P"-ion operably 

element, ^^^^ — *tional regulatory 

^atial locat on o t he ! ""^ * °» 

ion of the element in the matrix. 

Iile for egoing methods report m™o 
measures of a ai„ Q „ report complementary 

-"-ity of immunogenic eDitones on ^ 
expression product and « ' 6 gene ' s 
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In view of thp 
inven tlon to provL e " *' " °* 

^ne response of P a r °; a lde * » 8t ** of bi asing the 

5 a chosen ant igen ^^VrV ^ — "< 
<«) selectina * prisi ng the steps of 

- — one p ha ::~~ — 

t0 "id antigen; the n select^T ^ ^ Mnds 

one Pha ge - dlsplayed ^ st ep «» , at least 

» P-P"* library tha / b t f to f ^ 3 ^"displayed 

that mi m i cs a desired dS ep t i ° to t D he a ^i g en- speclfic ^ 

antigen; and than> in fl ^ Plt ° Pe ° f the chosen 

mammal with the peptid! ^ ^ ' ilmuniz ^g a 

r esponse LtTj^r', th6reby MaSin9 the 
15 the chosen a n tigen . ^ t0 the d «-*d e P ito Pe of 

In one embodiment- 
emprises at l east . ' thlS method further 

^'ar, fr0 m immunogiluTin f age " diSPia ^ d -"body 
'0 ^ic-immuni 2ed ^ ° f «- pepti de 
t^g h (c , . The ^ J 0lI °wed la order by steps (a) 

— nse of the mammaTt The d ^ ^ ^ 
chosen antigen. dSSlred ^tope of the 

' method ' the'^rod^^ 1 "^^ 6 -^ ^diment o f the 
st ep and before ^ ^»«- the Btep , after 

PhAbs sel ected in s L p (b ; ) °7 U - h - — i ng from 

(b) ' only those phA bs that u l' USe in «.p 

"tigen, bi asing the J " functi onally affect said 

—tional e P i top f T;;: s reSP ° nSe — • de Sired 
^ or a chosen antigen, 
ifte invention furt-h*,- 
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human antibody that is specific for a desired epitope 
of a chosen antigen, comprising the steps of- 
(a) biasing the immune response of a human antibody- 
transgenic mouse toward said epitope, and then 
(b, isolating an antibody f rom the transgenic mouse 
that is specific for said epitope of said antigen. 

The invention provides human antibodies that 
are specific for a desired epitope of a chosen antigen, 
produced by the above-described process, and in 
10 particular, provides human antibodies to L-selectin 

ZITT? 11 ^ lnMbit binding ° f Oocytes to 
endothelial venules and human antibodies specific for 

an epitope of a melanoma-associated antigen. 

In another aspect, the' invention also 
Provides a spatially-addressable iibrary of antibodies 
or antigen-binding antibody fragments, wherein said 
antibodies or antibody fragments derive from a mammal 
with xmmune response biased according to the claimed 
method, m a preferred embodiment, the spatially- 
addressable library is constructed from antigen-binding 
fragments of human antibodies. 

When all aspects of the present invention are 
combined, they result in an integrated system for 
defining critical epitopes on newly discovered gene 
products and ra p idly de vl op i ng therapeutic grade 
antibodies to those critical epitopes. 

BRIEF-DESCRTPTTnw n F THR nB , BTMCT 

FIG. 1 schematizes a method for biasing the 
.mmune response of a raoU5 e to a particular epitope of a 
chosen antigen. 

FIG. 2 demonstrates construction of a scFv 
antibody library that preferentially includes heavy 
chain variable regions from gamma transcripts 
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» «... p 0SS .^rruT::: 9e ° ic ^ ^ - •« 

11 1T:s genome — thai- k v_ 
»to the chromosomes of at least ^egrated 
"lis - a suf ficient n, K ° f itS SOmatic 

^~;: ie o s f ::™ y genes ° f * 

Producing antibody molecule, V ° f 

15 het ero i ogous specler The h araCt6rlStiC ° f ^ 

** is not liJ^H,;. ^ ^"citly includes, 

«* Educing endogenous' 5 ^ ^ 

transgenic exclusively for n ' anmal5 that -e 

Iff*, or both- f c g 9ht Ch3ins ' eit her Ig K , 

20 exclusive - y th ; o C t T a , 1S ^ "* 

-.ion,. (d , raaam a s :;; ::; t ig wy — — 

heavy chains and light ch tr " 8 '» ic f ° r both Ig 

capable of Drori < e) maJtUnals that are 

^eterologouf gG only, 
« subclass of ^ f ° r b ° th - d at one 

introduced tranlg I' L^ 15 heter ° 2yg ° US ^ 
introduced transgle 8 * T th. 

t-nsgenes are ™ la the 

resent m germ cells 

3 ° ««. to ri„L h ir:;!™ a ° "" u -*'«»»» 1 c „«. 

genome at least som « k Species Possesses in its 

east some human antibody genes and is 
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capable of producing antih w 

«* *• ^-n ^ une s^t Y ^-eristic 

— to I^Ttr ««**y transgenic mouse „ 

5 »— al.- in which a 1 " Mtlbod * 

- hu _ anti ;:; e j~ ^ its genoffle at 

producing antibo y genes «d « capable of 

>-an imune syste y m ra ° leCUleS characteristic of the 

" -t^t:::;— " refers to * — of 

T he terra » bias „ a ° 2 ' W ° 91 /1074i. 

15 *u*oral ijmnune response aS o ; 35 USed ^th reference to 
^crea sed ^"j ^ ^notes an 

«»trol, in a eolation ^ J^T to « un iBmuni2ed 
'»-«t., of antibodie, or a , . " 

to a chosen imun ; « ^ fragments that 

20 ep.tope. . The increa * ' Mtl W»' or antigenic 
tested b y any one or ffl ^ be 

th, percentage of J2LT a °' ^ f ° 1X «**< <•> by 
. -tibo dy chains that b^ ZTT"' ^ ^ 
antigen, or desi a ch °sen immunogen, 

b "" to a chosen i^unogen antl " 3 ^ ^ 
tha ^ <c, by the oerL' " T' ^ e ^o Pe 
d ^Play antibod y libMr ^T b ^ * * ^ 
immunogen, ant i gen or J blnd to a chosen 

'° Percentage ^ ; yb ° r r id d o eSlr - ^itope thereof; (d) by 

that bind to cho el " rSSUlting * *»*n 

d -i-d epitope thereof T^™' <« 
those billed in the art J ■ ^ Underst °°ct b y 

^creased represent,- lmmu nol ogy that an 

esen.atxon 0 f antibodies that bind to a 
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chosen immunogen, antigen, or epitope thereof will 
often be accompanied by a concomitantly increased 
representation of antibodies with higher affinity 
thereto. 

5 The phrase "epitope-biased immune libraries" 

refers to a collection of antibodies or antibody 
fragments with an increased representation, as compared 
to an unimmunized control, of antibodies or antibody 
fragments that bind to a desired epitope of a chosen 
10 antigen. 

As used herein, the phrase "epitope 
expression profile" denotes a data set, specific for a 
gxven protein, each data point of which reports a 
measure of the binding of the protein to a distinct 
15 library of antibodies. 

The generation of fully human antibodies, for 
example from transgenic animals, is very attractive. 
Fully human antibodies are expected to minimize the 
myogenic and allergic responses intrinsic to mouse 
or mouse-derived Mabs and thus to increase the efficacy 
and safety of the administered antibodies. The use of 
fully human antibodies can be expected to provide a 
substantial advantage in the treatment of chronic and 
recurring human diseases, such as inflammation, 
autoimmunity, and cancer, which often reguire repeated 
antibody administrations. 

One approach that has been utilized in 
connection with the generation of human antibodies is 
the construction of mouse strains that are deficient in 
30 mouse antibody production but that possess large 
fragments of the human Ig i oci so that such mice 
produce a large repertoire of human antibodies in the 
absence of mouse antibodies. Large human Iff fragments 
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preserve the* 

- P~ P er r^~^ ~y as well as 
expression. By exDloih ^ Potion and 

antibody diversi 1C P t T ln9 m ° USe maCMne ^ *« 

-pro duced human ^z;:z::r teinsr the 

strains yields hiqh aff . ! ° 6 ln these »°«e 

tec ; : g d i- «*w j ng 

" the desired S p eciflc t v P8ClfiC hlMan Ma bs with 

selected. PeClflClty can *• readily produced and 

connection T wi t S h g th n e eral ^ d — trated in 

— as PUbli :L~° n r the first x — 

15 Genetics 7:13 _ 21 ( ^ See Gree ^t al., te 

engineered with 245 ^ ' ' / XenoM °^e strains were 
~ation s ° ^ — * 

- *■ - -n irr^^^r- ~s. 

chromosomes , YACs) proved J f 3St artl ^cxal 
"•ouse system for both 1 COn * ati ^ »ith the 

-"bodies, and were clZlTT^ "* 6XPreSSi ° n ° f 
-activated mouse lff g Zl s «* the 

25 their ability to in J demon strated by 

P-duce an alii ^ ^ and to 

antibodies an d to generaTanT^ 1 " °' ^ ^ 

results also hT- ^ Mabs. 
larger portions of the h lntr °duction of 

! ° numbers of v genes * ^ -Gaining greater 

-an xg cons L Tr^^t a„ d 

substantially the fu n 

y the full repertoire that i s 
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char teristic Qf humorai 
infection and immunization. 

(1997), such apprQach wag extended 
5 introduction of a i con uu u 

800 te l ight cLn c \ Y Chaln C ° nStrUCt ^ a 

igat chain construct. The heavy chain 

2o - mice are referred to as x ^ - ™- 

07/466 008 f M !' ^PP^cation Serial Nos . 

07/466,008, filed January 12, 1990 , 07/610,515 fllpri 

07/ 922 , 64 9, filed Juiy 30, 1 992 , 08/03^801 n d 

/L 1993 ' o8/n2 ' 848 ' 27 , 

08/234,145, filed A Prii 28 , 1994 , ^ ^ 

January 20, l 995 , 08 /430 938 fi , , , • 
08/464 584 I H/ " 0 ' 938 ' "led April 27, i 995 , 

8/46 ,584, filed June 5# 1995< 08/ 

June 5 ' »9S, 08/ 4 63,191, filed June 5, 1995 

30 8 T 837 ' fUedJU - 5 ' 03,486 8 filed 

^ne 5, 19 95, 08/486, 857, filed June 5 19 5 
°8/<86,859, filed June 5, 1995 , 08/46 5 m d 

08/759,620, filed u ' and 

/ j-iiea December 3 ipos <~ 

n°e. J, 1996. See aJso European 
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Patent No. EP 0 463 1 51 B l, grant p ub l ished June 12 , 
1996, international Patent Application No. WO 94/02602 
published February 3 tqqa T „ h u . 

ary J ' 1994 ' International Patent 

Application No. WO 96/34096, published October 31 
1996, and PC T Application No. PCT/US96/05928, filed 
April 29, 1996. The discIosures Qf each Qf ^ ^ 

cited patents and applications are hereby incorporated 
by reference in their entirety. 

10 GenPh / n alt6rnatiVe a PP^ach, others, including 
10 GenPharm International, inc., have utilized a 
"minilocus" strategy, m the minilocus s 
exogenous Ig i ocus is mimicked through ^ .^.^ 

Pieces (individual genes) from the Ig locus. Thus, one 
or more V H genes, one or more D H genes, one or more J H 
genes, a mu constant region, and a second constant 
region (preferably a g« constant region, are forced 
into a construction for insertion into an animal. This 
approach is described in U.S. Patent No. 5,545,807 to 

20 5,«Sl,016, 5,633,425, and 5,625,126, each to Lonberg 
and Kay, U. S . Patent No . 5# ^ ^ to ^ ^ 

U.S. Patent No. 5,612,205 to Kay et al., u. s . Patent 
No 5,591,669 to Krimpenfort and Barns, and GenPharm 
international U.S. Patent Application Serial Nos. 
25 07/574,748, filed August 29, 1990, 07/575,962, filed 
August 31, 1990, 07/810,279, filed December „ „ 
07/853,408, filed March 18, 1992, 07/904,068, f iled ' 
June 23, 1992, 07/990,860, filed December 16, 1992 
08/053,131, filed April 26, 1993, 08/096,762, fii ed 
30 July 22, 1993, 08/155,301, filed November 18, 1993 

08/161,739, filed December 3, 1993, 08/165,699, filed 
December 10, 1993, 08/209,741, filed March 9, 1994 
08/544,404, f ile d October 10, 1995, the disclosure; of 
whxcn are hereby incorporated by reference, see also 
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international Patent Application Nos. W0 97/13852 
public April 17 , 1997f WQ , », 
N ve^er 10, 1994, wo 93/12227 , published 
1993, W0 92/22645, pubUshed December e 24 ' 

5 WO 92/03918, published March 19, 1992 the dl,r, 

of uhi^ ^ tne disclosures 

of "inch «. ftereby i„c„ rp0 „ t « d by „ 

The l»„» to „ of Suimi et 

ugn use of the nunilocus approach. The 
inventor, on the GenPharn, International work, cited 
a»ove, Lonberg and Kay, following the lead of the 
present inventors, proposed inactivation of the 
endogenous aouse Ig i ocus coupled substantial 
20 duplication of the Surani et al. work. 

An -advantage of the minilocus approach is h, p 
r P, ty with which constructs including ZrtZ ot 
the Ig l ocus can be generated and introduced into 

25 dTL , C ° menSUrate1 *' ^er, a significant 
disadvantage of the minilocus approach is that, in 
theory, ^sufficient diversity is introduced thrQugh 

appear stunted. Therefore, the present inventors hav " 
con S t urged infcroduction of iarge r. 

the ig l ocus ln order to achieve greater ^ 
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«™»ls that are produced ln accoM 

transgenic mammal" definiMrm u . 

munition used herein. it will ho 

h».„ a » tlbodl „ c „ bi jenersted varl ' y ; ( 

~'a,:;:r° e ;r expr " si ° 9 ~ 

antigens, epitopes or peptides of such 
antigens, and expression libraries thereto ^ 
U-S. Patent No . 5 , 703 ,05 7) through 

15 antT:e n n antib ° dy ™ M " ^ ^ 

antigen or antigens, forming hybridous, and screening 

that ar e well taown in the ^ ^ 

are generated can be utilized in a "panel of antibody 
--ties" or a « tissue biased library „ ^ 

zr ;: t ; si ; iiar manner as pha - - 1 

^ed. Alternatively, antibodies, or the genetic 
materials encoding such antibodies, that are secreted 
by such hybridous can also be utilized in a 
antibody Pieties" or "tissue biased library" as 
5 h d ; SCribed h — —her, the supernatant! o the 

here! biased library" as described 

The instant invention presents, in a first 
1 aspect, a method for bi asin a • 

mammal toward a d „ ■ T ° f a 

FIG i T ePUOPe ° f 3 Chosen a «tigen. 

«G. 1 schematizes one embodiment of this method 
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• ^ ^ firSt StGP ° f the method *>r biasina 

the immune response at l u biasing 

, P S6/ at Ieast on ^ Phage-displayed 

5 antigen " ^ "° blnd to - ^sen 

This first step presupposes, of course t-ho 

y, and fig. ! thus lndicates construction 
brary from a mouse< De ^ CQns • 

library „ otherw.se available, and it is an object Qf 
the Present inventlon tQ provid ^ sufc SCt 
creenings, stored gliquots ^ ^ b 

txgens, ei ther by prior ionization of the donor 
—1 with the cbosen antigen, or by the method 
-scribed here, or by an iterative alternatioTof the 

20 is bv t6Chn0l0gy of Phage-displayed antibodies 

is by now well-establisned, Rad er et 

^^^,1^^ 8:503-508 (1997); Aujame fit 

antibody fragments froa ^ ^ ^ 

(eds.), San D iego : Academic Press, Inc . 1996 
her e , „ phage DisplayManuai „ ); toeison 

(edS ''' ^^n^, Metnods in Enzyinology 
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vol 267, Academic Press (May 1996). The basic details 

not therefore, be repeated here, as they are well 
wxthxn the Wiedge of the smied Cellar 
a biologist. 

In addition, comercial kits are now 

~ TV UOW P-Pagation, and 

the si:' T a9e d±SPlay Among 

Biotech T Bi0t6Ch (AmerSh - 

Biotech catalogs number 27-9400-01,, wnich proves 

Particularly useful in the present invention _ P 63 

the pin protein of filamentous screenina 

™ io :- or as soiubie sc - ~ ~ 

for purposes of protein production. The form of the 
antibody fragment is determined by the choice of the 
chosen E . coli host strain- ln additio ^ ^ RpAs 

C™i e :, th :. scFvs in tandem with an 

tag ( E tag", which can be used for affi 
Purification or EL ISA detection of the soluble scFvs 

Although not so indicated in FIG 1 in 
preferred embodiment ' 

oaiments of the present invention the 

- a, , 5 . h ~:: ;r:r c :r° ic — - 

from f-h* u h Case ' the mRN A derived 

from the human antibody-transgenic mouse must be 
a-Plified with pri mers specific to human, rather than 
to .ouse, immunoglobulin, prior to cloning into the 
display vector. Appropriate human primers are 

" - 222:5.1-597 

,n th l' R ;; s d :; t y be substituted for the — ™ 
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In certain circumstances, it ma v ho • 
to urease the representation of vari a bT e " 
found on i gG transcripts thus rSgi ° nS 
Proportion of variable r l the 
-Vo affinity mat ^ ^ 

such a s : ™ t " wouid * e ^ 

libraries from UtiUZed «"»tructi„ ff 

cranes from animals that have previon.i v, 
immunized with thp ^ Previously been 

With the chosen antigen and/or with an 
appropriate mimotope as fn^h _ 

ope, as further described below 
As shown in FIG ? =,^k 
>~ « e» sttuctM b -„ 
amplifi ca t ion sten * v St 

» T bie ir* 11 ^ 

vk, th ls strategy permits assembly of th* * 
fragment into the vector in a * . SCFv 
3-fragment process Z t V «th.r than 

opposed to the thr ee f - 

— kit and : y rr iy directed by the 

enhancement in yield att h e ' ! ^ * 

The P L libra y is T aSSSmbly St6P - 
antigen to identify, ^L™^ * 
Polyclonal assortment of phAbs that h , " 
antigen, ^though pur.fied^i ^ ^ Ch ° S6n 

typically complex 1^ To T£Z"* . n ^ ^ 
30 including whole cells or ev ^ ^ * ^ 



20 



25 



constructed^::?, 1 !; 3 ^ ^ ^ 
melanoma eel L Xen «™«" ™ized with a human 
line, and then screened (p anned) tQ 
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identify phAbs that bind fco ^ 

an xndivi.ua! patient. As is well ^J* ^Trt 
iterative pannings may be performed to increase the' 
specificity of the resultant phage. In each such 

the r age that are aas ° rbed *> 

antxaen are eluted, p r0 p agated by infection Qf ^ £ 
call, and the selected and amplified phage then 
punfxed and again placed into contact with the 
selecting antigen. Typically , three fco 
pannxngs are performed ag ^ Qf ^ ^ 

In addition, as i s we ii known in th 
specificity of the selected phagfi ^ ^ e - the 
ant lgen be increased by first subtracti 

library by adsorption to unrelated antigens. For 
example the melanoma cell specificity of the phAhs 
selected on a melanoma biopsy may be increased 
adsorptxon of the phAb li br ary to related cell types 
such as other neural crest derivatives, or to celT 
20 types lively found concurrently ^ ^ 

the\ f i:: obiasts ' — — — ia i ceus ; 

is a M l reSUltS ^ thiS f lrSt SCreeni ^ s tep 

i- a polyclonal mixture of phAbs that recognize 

Afferent epitopes of the selecting antigen, or, in 
cases ln which a mixture of antigens ^ ^ ^ 

screen" ' CO "* rl8in * cell., is use d to 

screen a polyclonal mixture of phAbs that recognize 
3q -Itxple epitopes of a plurality of different anti gens . 

For example, the phAbs from a melanoma-cell 
Masea immune library screened with a melanoma biopsy 

Z 12 T PHAbS SPSCifiC f ° r - iOUS ^-dominant 
epitopes from the g pl oo melanoma-associated antigen 
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ZZen h n ° nilmnUn0d0lnin - t ^itopes of the gpl0 0 
"txgen and phAbs specific fQr other ijBB ^ 

and nommmunodominant antigens displayed in the 
5 melanoma biopsy. 

As schematized in FIG. 1, the antigen- 

:: :: r i^v:: then used in the - - 

io peptide :~ a pha - d ~ *— 

10 Peptides order'? ^ diSPlay UbrarieS ' " nd - 
Lther th l6ngth Cl ° ned 35 fusio - to 

pJ , o7dT T Pr ° teln ° r -~ VI " 

(PVIII) for d 1S pi ay on the surface Qf f . lamentous 

Phage^ Smith, 228; 

13 aJ., Science 249:386 (19901 . rlse .^ 

(i»su;; Clackson et aj . ttrc: 
12:173-184 (1994). Ka „ oi . , ' 1125 

The eff^- ' ^ "8:59-65 (1993). 

The effective valency of the displayed peptide is 
determined in the fi ,-=•(- • v 18 

nrrtf . • . St lnstan " ^ the choice of 

protein fusion - dVttt <«, <-v 

20 pin is th „ P 13 th£ ma:,0r coat P^tein and 

18 the mnor c °*t Protein - and may further be 
-nxpulated by supply ing . copy of ^ ^ " * 

either on the same vector or on a phagemid . " 

Bonnycastle et ai., 2 s 8:7 4 7 - V62 (1996) 

25 that u h B6CaUSe ° f technol °^ i- the same 'as 

that used ln phage display of antibody f ragments , 

Protocol, for generating, propagating, and screening 
such Ubrarxes may be found compiled in the Phage 
Dxsplay Manual, supra, and need not be further 
described here. 

30 library one additi ° n ' " peptide 
ibrary, once constructed/ fflay repeat 

a a reS ult, de „ ovo construction of such libraries s 
-t reared, and commercial peptide epitope libra i 
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v^everiey, Massachusetts) fnr ^ 
available for scrPPnH example, makes 

l, hr • screening several random peptide 

acn or the libraries i q ^-f >,,• u 
t^t is, includes greater 165 15 ° f ^ compl exity , 

and has been used ^dependent clones, 

» li-nds Ts e l U p C ;: t SSfUUyt0 ^-"^ 

One of these ™' 1 . Protein »< -<^in g antibodies. 

is a line a l :i; r ;i; ra iS 3 Une " ^V, one 

con strained ^ l3St " a <*-Cy 

«t, each type of b b ;; rY - 13 W611 k -wn i n the 

15 and thus scrleJl PreS6ntS Stages, 

librari ^ing) of a plurality 0 f 

libraries, each with different J 

advisable. Rudolf et ai 7 T StrUCtl ° n ' 15 0 «en 

(1998). ' ^-imuaaLu 160:33x5-3321 

- d i S pi ay libtrTp^m:::" random peptide pha - 
:: it—" 

No. 5,635,182 an w • and U.S. Patent 

aa, CA, catalogue number K1125-01) 

to «nt I :„!Li l ;i:; ptld " '" phpep "' ts " ^ 

PhAbs, mimicking eoif-^oo * 
tne oriainai =„4- ■ y e P 1 topes of 

original antigen ("mimotopes") As in 
30 the phAb library m „i*. n screening 
horary, multiple rounds of selection * 
tne sp e cifi city at this step. """^ 

Typically, panning peptide librae 
antibody will nmrW u libraries with an 

no Produce phage bearing several 

Peptide sequences several different 

fences. Alignment of these sequences will 
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often result in a consensus sequence. In cases where 
this consensus sequence closely matches a continuous 
segment of the original antigen sequence, that is, 
mimics a linear epitope, it is possible to determine 
5 with some degree of certainty where the antibody binds 
on the antigen structure. 

However, it is often the case that there is 
no recognizable alignment between the consensus 
sequence and the amino acid sequence of the antigen. 
10 In this latter case, the consensus sequence peptide may 
be assuming a conformation that mimics a conformational 
epitope of the original antigen. Alternatively, the 
consensus sequence may be mimicking a carbohydrate 
epitope on the antigen. In a further alternative, 
different parts of the consensus peptide sequence may 
be similar to physically distinct sequences on the 
native antigen, the peptide as a whole thus mimicking a 
discontinuous epitope on the antigen. 

To confirm that a derived consensus sequence 
20 does, in fact, mimic a structure on the original 

antigen, a peptide of the consensus sequence may be 
synthesized chemically and used to confirm, first, that 
the consensus peptide binds to the panning (selecting) 
antibody, in this case, one or more antigen-selected 
25 phAbs, and second, that the consensus peptide 

competitively inhibits binding of the antibody to the 
selecting antigen. If both these criteria are met, it 
can be concluded that the consensus peptide is indeed a 
"mimotope" of a conformational determinant on the 
30 antigen. 

Where several phAbs are used to screen the 
peptide library, additional complexity is added. For 
example, screening the phage-displayed random peptide 
library with the polyclonal assortment of phAbs that 
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bind to a melanoma biopsy, as above-described will 
produce peotiripc; fu, f . . Q ' Wlli 

the gplOO IT mimC ^^---t epitopes of 

the gpioo melanoma-associated antigen, 

5 e^tteToT::;" SPit0PeS ^ - 10 ° — , and 

bLp Sy antigens displayed in the 

seWt h AS Sh ° Wn ^ FIG - the P6ptide 

selected in the second step are then used, in a third 

and fina i step , tQ m a ^ " h rd 

P tlT? ^ reSP ° nSe ° n th - e ^-iLd " 

::::::: biasing the ^ ~ — - h 

1 as b^H H lthOU9h ° nly 3 Single D1 ° USe is sh °™ in FIG 
as both donor of the r>hnK i - u 
15 j_ h . tfte phAb library and recipient of 

15 the mimotope immunization, it will ho * 

wherP th„ * be und erstood that 

where the donor mam^l is sacrificed to con 

r ry ' a separate « m US t be 

lmUniZed in this third step with the mimoto Pes 

- ^ -^Z:^ readT; " 
those skilled in antibody production. * 

complete or incomplete Freund's adjuvant! 

A preferred approach, however, i s t0 

™ z : h : e e r ed peptide mimic - - * — 

available automated solid-phase peptide synthesizer 
The chemically- synthesized peDtides ... 

" u « a1 ™" « m th «: ; 

-l^e p„ teln catrler , ^ „ ^ ' " ; ' 
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thyreoglobulin. TvDical hif,,^- 

lypical bifunctional conjugatinci 

reagents include ™ieimidobenzoyl N- 

hydroxysuccinimide ester (»MRq«\ • . 

na1 . . r ( MBS } ' succmimidyl 4-{N- 

" E DAc"" ; methylamin0Pr ° Pyl) "^difcnicie 

( EDAC ) . Even glutaraldehye may be so used. 

A particularly preferred alternative 
however, to the serial steps of sy „ thesis and 
conjugation of the peptide mimics to protein car 
10 ,s to. use the multiple antigen peptide procedure, Z' 
^f^^-^m .5: M 09. 5 «3 ,1933,,. ;J?t 

^mnPA^Meth^s 124.-53-6! (l 989) , Posnetfc ef 
^ ^d^^ 178:739 _ 746 (1989)f inwh . ch 

« ::x~L is m d r tiy on a ™< 

- use of comple ; Pr ::in~i:~i over 

anybody response to the pol y i ysine core is typically 
toward the conjugated peptide. 

20 

.Another alternative is to immunize with a 

Protexn, ln whxch the peptide mimic is fused to a T 

- epitope, Steward et a2 ., 69:7668 _ 7673 
(1995,, or to another polypeptide carrier. Yet another 

" is to immunize with a svnf-h»i-- another 
« wicn a synthetic or recombinants 
Produced peptide in which multiple copies of the 
peptide mimic are present. And still another 

; e ; n ;; ive is to Limanize not with ^u gate d Pe p tide 

30 srjr^ which has b - — - 

aLei y a s an immunogen in certain 
circumstances. Atassi e t al .. Cr^^^ 
5:387-^09 (1985). ~ ~ 
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Still another alternative is to immunize not 
with peptide or protein, but with the nucleic acid 
encoding the peptide. It has now been shown in a 
number of systems that direct injection of nucleic acid 
5 can effectively immunize against the encoded product. 
U.S. Patent Nos . 5,589,466 and 5,593,972; Hedley et 
ai., Nature Med , 4:365-368 (1998); Ho et al., Arch. 
Yirol^ 143:115-125 (1998); Cardoso et al . , J. virol . 
72:2516-2518 (1998); Bagarazzi et ai., Curr. Ton. 
10 Aerobic] , Immunol 226:107-143 (1998); Lozes et al . , 
Vaccine 15:830-833 (1997); Shiver et al., Vaccine 
15:884-887 (1997). 

It will be understood that the above- 
described immunization with peptide mimics, whether 
15 accomplished by immunization with peptides displayed on 
phage, with synthetic peptides conjugated to carrier, 
or with nucleic acid, is not limited to a single 
injection, but may encompass immunization schedules 
that include both a primary and subsequent booster 
20 immunizations, with and without adjuvants, as is well 
understood in the immunologic arts. 

In addition, the peptide immunizations may be 
alternated with immunization with whole antigen. Thus, 
the original phage-displayed antibody library may be 
25 derived from an animal first immunized with whole 

antigen, and the later-selected peptide mimics may be 
used to immunize a second animal that is either 
subsequently or antecedently immunized with whole 
antigen . 

30 The result of this three-step method is to 

impose, upon a mammalian immune system, a bias toward 
the epitopes mimicked by the phage-displayed peptides. 
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rexterated, further biasing the immune response to 
desxred epi topes of a chosen P Se to 

-i.pi.vc, a ntibody library is con l truct :; ; d th p a -- 

5 ™^^n transcripts of the peptiCe-i^ d 
«1; repeating the three steps 

^rary is screened with a chosen antigen to LtlZ 
antigen-specific phAbs , which , in 

step, are used to irrununi2e ^ ^ 

The result of this iterative method is a 

:™ ; erie : of phAb iib — ~: asing 

l S " faV ° r ° f Vitopaa displayed by the desired 

is C 9 :; b Thes ; libraries are coiie — 

epxtope-bxased immune libraries" herein 

in the fir^ ^ " Produc 

the fxrst step of this method, whether practiced 

Z 5 7 " r ? iterat — • Clonal assoLen To 
PhAbs specxfxc for a plurality of epitopes. This is 
*° especially true if Section of phAbs is conducted "ith 
a complex antigen, such as a mammalian c . u ^ Wlth 

-thod, the^L:: r TL a d rl !. Preferred ^° di — <* the 
between National step i s interposed 

25 phPeo T.r" 6111119 ^ PhAb library ^ — ^ the 
the 1 35 Sh ° Wn ^ 3 - that bind to 

; t 0 :: n t anti r n are coiiected ' a - iified ' - tj 

i i f ::rr 1 : ssay - oniy those ^ ^ 

artect the antigen are used to screen t-h<= 

The assay interposed between library 

Z^tr "I S ° Ch0SSn " t0 ^tionally- 
6VQnt ePlt ° PeS ' thaC is ' antagonists of the chosen 
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20 



25 



30 



antigen, agonists thereof, or competitive inhibitors of 
ligands of the antigen; the choice of assay is dictated 
by the antigen and the desired functional result. 

For example, in a method to bias the immune 
5 response to functionally-relevant and clinically- 
relevant epitopes of a melanoma cell, the phage- 
displayed antibodies selected upon a melanoma biopsy 
may be injected directly into a laboratory animal, as 
described in Pasqualini et al., Nature 380:364-366 
» (1996); Arap et al., Science 279:377-380 (1998)- u S 
Patent No. 5,622,699. If the mouse, typically a nude 
mouse, has previously been injected with a human 
malignant melanoma cell li ne , that subset of selected 
Phage that homes to metastatic deposits, for example 
those in the mouse brain, may then be obtained by 
elution from. such metastatic deposits and amplified 
The phAbs so selected recognize epitopes displayed 
preferentially on metastatic cells. 

Analogously, in a method to bias the immune 
response to clinically-relevant epitopes of L-selectin, 
PhAbs that bind to L-selectin, as expressed on the 
surface of a human lymphoma cell line, may be further 
screened for their ability to inhibit the binding of 
lymphocytes to endothelial venules, and for their 
ability to discriminate cell-bound from cell-free L- 
selectin, as further disclosed in Example 1, below. 

Furthermore, if one or more immunodominant 
epitopes of the antigen are known, but antibodies 
thereto are not desired, the functional screen may 
consist of a subtractive adsorption to peptides bearing 
the immunodominant epitope. 

These antigenically-selected and 
functionally-selected phAbs are then used, in a second 
library screening, to identify peptide mimics of the 
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epitopes recognized by these phAbs. The peptide 
mimics, in turn Peptide 

• turn, are used in a final steo as 

inununogens, i n 0 >- der tn 

toward those epitopes & ^ 

5 Heretofore^! ^ ^ ^ ^ 
libraries k dlSCUSSed - using phage display 
libraries - both phage display antibody libraries „ 
Phage display rando, peptide libraries - V 

,1997, ! ££a£ - J2ai ^-^d^ £ i_ m 94:4937-4942 
(1997) and retroviral display, Russ ell , 
15 arHWo d « ^usseii et al. t Nucl 

aCida-Baa.2 1 :i081- 10 B5 ( 19 93,. Typ icallv 
technologies win *. ^ 1 Really, these 

rando, peptide then 1 T * ^ ° f 

genes. ' ^ ^ t0 the dis ^ ot antibody 

*0 been tr^TZ^Tl ^ — «« have 

surveyed/ by e Ler ^ ^ ""^ 
technology, for specif h °* 

= t0 generaL * 
-agents specific to a desired epitope of a chosen 
antigen, Mediately suitable for in vivo U8 f° 

- epitopes .I" b^uteVd f ^ ^ 

antibodies may be * ^ antib ° dies - The 

numan tranS geni « ™«»ted from the epitope-biased 

Alternati: p.™; 1 * «•«**.. 

y ' P 56 dls - Dla Ved Fab or SC Fv fragments - 
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either earlier cho „ n dorlng a> 

aesired fusion proteins. 
i» . third Uer,T Ple : ^ " £ " M » '«» 

ther.p. utic , g „ ts to mmUn 2 1 d ™< » 

-e Fab or s c*v I tlf ~ " " 

combinatorial DhAh nx>. 

and li ght chai! " ^ r * roduce the h -vy 

■iignt chain combinations that natural i„ 
15 the human (i e „„«.•*., naturally occurs in 

system antibody-transgenic mouse) immune 

system, nonetheless i-h* ^ 

Phaae di ^ ternative1 ^ th * epitopes mimicked by the 

human patient For " " reSP ° nSe in * 

patient. For example, epitopes identified 

through the iterative selection of phA bs and 1p 

« ~r :;r oma patient ' eith - 

seauences „ T t ' * C ° nSenSUS ° f SUch P<Ptide 
active il sp C 0 0 n:; n I n ti0n ' 

t-or. Hosenber / H " f " °"» 

9 al., Na£ure_Med. 4:321-327 (1998) 

>° to which the 2HTi be ^"^^^ that th. epitopes 

libraries a e las d immune 
es are biased include epitopes that are not 

eC ° 9niZed ^ — — -stem, and 
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epitopes that have not previously been used in 
diagnostic or therapeutic methods. 

aatihnH- AItSrnatively ' an «tire repertoire of 
5 ere ted I' ^ ft " ^ ^ be 

to Provide an epitope-Mased immune library J,' 
determination of epitope expression profits as wil, 
now be described. °mes, as will 

id^-,- meth ° dS d6Scribed hereinabove permit the 

n 1 I 10 " ° f fUnCti ° nal of choL 

antigens and the generation of soecifir- < 
thereto. Thus for a „n speciflc ^™e reagents 

us ' for ant igens suspected to be C lin«n 
-levant, the method provides a direct route 
reagents - inching ful ly hmnan antibodies Qf 
subnanomolar affinity - fh=f * 

chosen targets. tonally affect such 

On occasion, however, the antecedant Question 
arises whether a particular • question 

20 clinically-reievaL \ Pr6SentS SUCh ' 

any relevant antigens. With the acceleratina 

Pace with which new g enes are being identif^ and 
identified solely by nucleic acid seguence da ta the 
^est? ~ i. "ised as to the b^ gi " 
Physiologic, and clinical relevance of a newly 
25 discovered gene- s expression product. 

It is, therefore, a further object of the 

lor determining epitope expression prof Up, 
of genomics-derived nen a « * Pronies 

30 "epitope exor/ U " d hSrein ' the P*™" 

pi tope. expression profile" denotes a data set 

given protein ' each <•* ^ — 

librarj of T °' ^ ° f ^ P ™ tein to a 

library of antibodies. Where the antibody library 
are variously biased - * Cranes 

y biased as, for example, toward distinct 
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tissues or cell types - fh« 

P-ides a to P o g ra" 0 / ^ ^. P»m. 
the protein-, epitopes L th , ™^ity of 

surveyed. ^ tlSSUSS and «U types so 

5 Profiles is'th: S flrSt 10 «"»<>» of such 

to distin ;: :; s — - - ~e lib blased 

- f uu y - h ::;— :;: e - thus p ~ ~* of 

human antibo^-^ & P"*«bly 

Wltn a chosen tissue or cell lin. * 

u s ts tissue iIMnunogens that are j;^ 1 ::" 

15 invention, it sho „iH ln the P re *ent 

listin, is ne ther c l h 7 * aPP " Ciat ^ that this 

serves instead to -H T r nSiVe ^ 

tissues that 7 " ° f 

tissues that are particularly useful in 

biased libraries for the furL Creati ° n ° f 

20 epitope exn ro5 ■ construction of 

<=pj.cope expression profiles. 
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carci noma cen lin ^ ^^^^ 

"nal carcino ma cell lines, me i anoma ceU 

carcinoma cell linoc i Unes ' breast 

and leu kemia llnB8 ^ ^ 

ines ' er ythroleukemia cpII n 
5 -11 i ines , neuroblastoma 18 «1 i-s g i ioffla 

osteosarcoma cell n„ a v. sarcoma including 

iines, and the L ke ' hePatOCe11 — -cin oma cell 

^at are P l2llT ed ' Untr —- -11 i ines 

- to, b cei " inciud - ^ - - iimited 

* cell lines at v " tW ° f dif f — tiation, 

neutroph 1 cell Sta96S ° f di »— ti ation , 

^ lJ - x cell lines, nk rpi i 
lines, megakaryocyte Ilnes '. -=ro P na ge cell 

dendritic cell uf Oocyte cell i ines , 

^ tic cell i lnes , and the like _ 

constructed^™"' ^ be 
CCed from nonneoplastic cell* a „w * ■ 

infected with vim, k ^ that 

virus, such as HIV htw u 

herpesviruses Hrv k ' human 

hybrico,, U b„ ; ie , tt 5 dl "=»-«° »"1 focus „„ 

y als Played antibody librsri„ 0 
^ the present method _ y i^rarxes are also useful 
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. With respect to hybridoma production, the 
procedures used for human antibody-transgenic mice are 
substantially identical to those used for standard 
nontransgenic mouse strains, as compiled in Delves et 
5 ^^-^oduction: F. wntUl TPrhni^, John 

Wiley & sons (1997,; Lennox et al. (eds.), Monoclonal 
MtiboMes: Princip^ and ^HnHnn,., John Wiley , 
Sons (1995); Liddell et al., A_PxacUcal^uide_to 
Monoclonal Antihodi John Wiley S Sons (1991); and 
10 Harlow et al., Antibo dies: A Lahore™ v.„,», Cold 
Spring Harbor Press (1988), and need not be described 
in detail. 

Briefly, however, the immunized animal, or 
Plurality of animals identically so immunized, is 
15 sacrificed, splenic lymphocytes harvested, and the 
lymphocytes fused to an immortal fusion partner, such 
as a nonproducing murine myeloma cells. After 
selective culture, hybridomas are disposed in 
microliter dishes for further culture. 
20 • Each biased library thus is a polyclonal 

assortment of monoclonal antibody-producing hybridoma 
cells. Where the immunized animal is a human antibody- 
transgenic mouse, the hybridomas secrete human 
antibody. These hybridomas collectively reproduce the 
25 humoral immune response of the donor mouse. Some of 
the antibodies secreted by these hybridomas will be 
directed to epitopes uniquely displayed on the chosen 
xrununogen, some of these with high affinity, including 
antibodies of subnanomolar affinity, others will be 
specific to epitopes shared by the chosen immunogen and 
other cell types, still others will be directed to 
antigens unrelated to those on the original immunogen 
Each such collection of hybridoma cells, then, 
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especially preferred 
The BlACore® measures binrf<n„ '* 
ligands to surfarp < u- lng of unlabeled 

« Pha«- alspUy . d 1 ^ »°" - 

v i^nni 7:97-105 iia» c , 

-i., £^01^1. 255:28 _ 43 1996 >> et 

10 ^Mol_l^ 263:551-567. ^ " * ' ' 

In the present appli cat inn 
themselves Wi- ^ased library are 

» - crib ed inic i; 7 h : art and 

"3:7-13 (1995); et f-f^J^ 

literature Each " ^ P " dUCt 

ant ^;t ib S ; a T ^ ^ ^ " ««« 
• X„ contrast to the T * 
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not dispose tZ\TtlZ ^ 
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for immunogen specificity. One advantage of using 
-tender* microtiter dishes for assay is * 

tTl ° f r ° b0tiC dSViCeS -P«"icaUy designed 

5 t0manipulateth - contents of such plates. 

In a third alternative format, the library 
»y be constructed without cellular exponents, usLg 
either the hybridoma supernatants, purified fr ct Is 
thereof, ln either liquid qz ^ on- 
displayed antibodies. 

10 h K In this last tyPi"! format, as with the 

hybrid™* matrix, supernatants and pur . fied 

microtiter plates, to similar advantage, other 

15 rT hOW6Ver ' Pr ° Ve UnlgUely ^-ntageous with 

15 noncellular matrices- in •, 

be in™*,-,- „ Particular, the antibodies may 

be immo^li^, substantially free of agueous media, in 
spatially addressable matrices or linear arrays on 
solid supports, such as those typically use d in the 
immunoassay arts. 

20 

Each single-pot BIACore® sensor chip or each 
spatially-addressable surface-immobili.ed antLody 
■-atr« represents the collective antibody response of a 
based immune library; each presents a distinctive 

>5 h "rT " antib ° dieS SPSClfiCity f - -igens 

" ttrr^r °;;rv utant ' or diseased 

libraries \ surface-immobilized antibody 

libraries may tnen be used to screen the expression 
Products of any identified open reading frame to 

0 pi t T ne - the tiSSUe '^= if ^ or cell-type specific 
0 pattern or its epitopic availability. 

The first assay format, in which the 
antibodies or antibody fragments are di sposed upon a ' 
BIACore® sensor chip, does not require a P 
lection of the binding of the gene expression product 
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to the antibody library. The other two assay formats 
require a label. 

Although several labeling and detection 
formats common in the immunoassay art may be used - as 
5 reviewed most recently in Diamandis et al. (eds ) 

Immunoassay Amer. Assn for Clinical Chemistry (1997) • 
Price et al. (eds.), PrincinlP. a n d P„rH. a n * 
Immunoassa y, Stockton Press U997) ; Deshpande, Enzyme 

Inununoassay.- from rnnrOT+ . ^ n^..., n , , 1 

10 Chapman & Hall (l 996) , and Chan (ed.), Immuno^say 

^Matipa^Updated Gnid. To s^., Academic Press 
(1996) - a geometry that is particularly well-adapted 
to the multiple use of any given library leaves the 
matrix antibodies themselves unlabeled, m this 
15 preferred approach, label is incorporated directly into 
the protein expression product of the gene being 
assayed, or, alternatively, is incorporated into a 
further binding partner in a sandwich-type assay using 
labels and techniques well .Jcnown in the immunoassay 
20 arts. 

For example, the gene to be assayed may be 
expressed recombinant ly, in either bacteria, yeast, 
insect cells, or mammalian cells, using standard 
techniques well known in the art, in the presence of 
■ 25 ammo acids so labeled as ^ be directly detectable. 
Such labels, for example, may be radioactive, 
fluorescent, or paramagnetic. 

Alternatively, the expression product may be 
labeled after synthesis, as, for example, by 
30 iodination. 

But to ensure uniform labeling of each gene 
to be assayed, more typically each gene to be assayed 
will be expressed as a fusion with a moiety that is 
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itself either directly detectable or indirectly 
detectable by means of a further binding event. 

The expression product is then placed into 
contact with each desired Mobilized antibody li Drary . 
After equxlxbration and washing, specific binding to 
the .nd.v.dual elements of the library i s determined. 
As would be well understood in the art, the physical 
format of such binding determination depends upon both 

10 Lbef Y 7 al 9e ° metry ° f Ubrary the ^ of 
label. For example, a spatially-addressable matrix 

constructed upon a silicon chip and contacted with 
protein that is either directly or indirectly labeled 
with a fluorescent molecule, would be read by a 
scanning laser microscope. A spatially-addressable 
«tr« constructed upon a nitrocellulose or nylon 
fUter and contacted with protein that is radiolabeled 
with a p-emitter would be read in a phosphor imaging 
dev lce (Molecular Dynamics, Sunnyvale, CA) a 
spatially-addressable matrix constructed in a 
20 microtiter plate and contacted with a protein so 

ret IT " T CaUSe 3 C ° l0rimetric conversion, would be 
read by an EL ISA reader. A single pot library disposed 
upon a BXACore® sensor is read directly in the BIACore® 
devxce. The set of data so acguired for each such gene 
25 and Mobilized library matrix is termed an epitope 
expression profile. 

As above described, epitope expression 
profiles may be acguired by direct, uninhibited contact 
between a gene's expression product and a chosen 
30 immobilized antibody library. Alternatively, the 
mclus.on of nonradiolabeled peptides, proteins, or 
cells ln the assay itself may be used further to drive 
the selectivity of the data. 
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Data so acquired may be digitized, stored 
electronically, and analyzed using any of the 
qualitative or semiquantitative analytic procedures now 
used to quantify and compare gene expression profiles 
5 acquired from transcription-based or translation-based 
profiling technologies. 

For example, Ashby et al . , U.S, Patent No. 
5,549,588, provide means for qualitative analysis of 
the gene expression profiles of candidate drugs and 
10 unknown compounds, including sorting of the data by 
individual gene response, application of a weighting 
matrix, construction of a gene regulation function, and 
comparison of new profiles with known profiles through 
an indexed report of matches. 
15 Rine et al. , WO 98/06874, describe expert 

systems and neural networks for generating an output 
signal matrix database for analyzing stimulus-response 
output signal matrices. 

Seilhamer et al. , WO 95/20681, describe means 
20 for determining the ratios of gene transcript 

frequencies from different specimens, indicating the 
difference in the number of gene transcripts between 
the two specimens. 

Seilhamer et ai., WO 96/23078, describe 
25 genetic database^ are described that can be used to 
perform simple abundance or subtraction analyses of 
mRNA or transcript frequencies. 

Lashkari et al . , Proc. Natl. Acad. Sci . USA 
94:13057 - 13062 (1997), qualitatively compare patterns 
•30 gene expression under different environmental 

conditions, listing in tabular form genes that are 
differentially expressed, and collecting qualitatively 
in charts various profile changes. 
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DeRisi et al., Science 278: 680 - 686 (1997) 
report that sets of genes can be grouped on the basis 
of the qualitative similarities in their expression 
profiles, as assessed by inspection. Raw image data 
5 and data in tabular form are also given. 

^ The National Cancer Institute's Cancer Genome 

Anatomy Project ("NCI CGAP") makes available at the 
National Center for Biotechnology Information ("NCBI") 
through the NCBI's web-site: 
10 (http://www .ncbi.nlm.nih.gov/ncicgap/ddd. html) 

a so-called digital differential display ("DDD") method 
for comparing gene expression profiles derived from 
nucleic acid sequencing data. 

Each of these known algorithms may be adapted 
15 to comparison of epitope expression profiles, to 

identify, for any gene, the cell- and tissue-specific 
expression of its epitopes. 

An important advantage of epitope expression 
profiling, as above-described, over other technologies 
for measuring patterns of gene expression, is that ' 
epitope profiling provides a direct route to specific 
antibodies for further research or clinical 
investigation: every element of an immobilized biased 
library that returns a positive signal f or a given ' 
gene's expression product, represents an antibody th t 
necessarily recognizes the protein. Thes e antibodies 
as so identified during assay, may then be used 
individually, f ree of the support matrix, further to 
define the expression pattern and function of the gene 
J0 o±. interest. 

The identified antibodies can be used as 
research reagents for evaluation of protein function 
Since the antibodies are, in preferred embodiments 
fully nu^an, they can serve as lead candidates tor in 
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hamster ovary (CHO) cells, and the like. See, e.g., 
Page, U.S. Patents Nos. 5,545,403, 5,545,404, 
5,545,405; Page et al., Biotechnology 9:64-68 (1991); 
Peakman et al . , Hum. Antibodies Hvbridomas 5:65-74 
(1994) . 

The following examples are offered by way of 
illustration and not by way of limitation. 

Example 1 Human antibodies to cell-bound 

L-selectin 



10 



Jurkat cells (ATCC catalogue number TIB-152) 
maintained in cell culture are concentrated by 
centrifugation, rinsed in PBS, and an aliquot of 10 ? 
cells emulsified in complete Freund's adjuvant to a 
final volume of 100 uL. 
15 Human antibody transgenic mice of the 

Xenomouse™ strain, Mendez et al., Nature Genetic 
15:146-156 (1997) , are injected with 100 uL of 
emulsified cells, either intraperitoneal^ or 
subcutaneously at the base of the tail, according to 
20 standard techniques, Delves et al., Antibody 

Producti on: Essential Technique . John Wiley & Sons 
(1997); Harlow et ai., Antibodies: A Laboratory Manual . 
Cold Spring Harbor Press (1988} . Additional 
immunizations are performed using an equivalent number 
25 of Jurkat cells emulsified in incomplete Fr^and's 
adjuvant at two-week intervals for a total of 3 - 5 
immunizations . 

Within 2 weeks of the final immunization, the 
spleen is harvested from each Jurkat- immunized mouse, 
30 mRNA isolated by standard techniques, and the mRNA 
reversed transcribed into cDNA, using reagents and 
protocols packaged in the Pharmacia RPAS system. 
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Initial PGR amplification is performed, as 
shown in FIG. 2, with human primers, Marks et al., 
J. Mol. Biol. 222:581-597 (1991), with the 3' heavy 
chain primer substituted with a primer complementary to 
5 a sequence common to all human IgG subclasses. 

In a second PCR amplification, as shown in 
FIG. 2, the gamma sequence is eliminated and extended, 
overlapping, linker sequences are added to the 3* end 
of V H and the 5' end of V K . Thereafter, two-fragment 
10 PCR generates scFv fragments that are cloned into the 
Sfil and NotI sites in the p CANTAB 5E phagemid vector 
supplied with the Pharmacia RPAS Expression Module. 
The phagemids are then used to transform £. coli TGI 
cells, and phage rescue is performed by infection with 
15 M13K07 helper phage, in accord with the manufacturer's 
instructions . 

Phage that bear scFvs that bind L-selectin 
are selected using the RPAS recombinant phage selection 
module with biotinylated L-selectin-IgG, essentially as 
20 provided in the kit instructions. 

Selected phage clones that are reactive with 
L-selectin are used to infect E. coli HB2151 cells to 
induce secretion of scFvs into the medium. The SCFvs 
are purified using the Pharmacia RPAS purificaiton 
25 module, according to instructions. 

The soluble scFvs are next assayed in three 
separate assays. 

First, the scFvs are used in an ELISA to 
confirm binding to recombinant L-selectin-IgG fusion 
30 protein. Additional ELISAs are used to determine 

binding to nonchimeric, affinity-purified L-selectin 
isolated from human serum, Schleif f enbaum et ai . , 
J - Cel1 - Rin1 - 119:229-238 (1992), and to free IgG. 
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Second, scFvs that bind the L-selectin-IgG 
fusion protein but not IgG or free, soluble L-selectin 
are further tested in a functional assay for their 
ability to compete with anti-LAMl-1 for. binding to 
5 L-selectin-IgG in a competitive ELISA. Anti-Laml-1 is 
a murine antibody that blocks binding of L-selectin to 
endothelial cells and binds only to the surface-bound 
form, Schleif fenbaum et al., J. Cell. Biol . 119:229- 
238 (1992); Kansas et al., J. Cell. Biol. 114:351-358 
10 (1991); Spertini et al. f J. Immunol.' 147:942-949 
(1991) . 

Third, scFvs that bind L-selectin fusions but 
not shed L-selectin, and that further compete with 
anti-LAMl-1 for binding, are" tested in a functional 

15 assay for inhibition of lymphocyte adhesion to 

endothelial cells. For this purpose, an in vitro 
Stamper-Woodruff frozen section assay is used, 
essentially as described in Stamper et al., J. Exp. 
MecL 144 : 828 (1991). Briefly, frozen sections of mouse 

20 peripheral lymph nodes are mounted on glass slides. 

These slides are then incubated for five minutes at 4°C 
with 5 x 10 6 300.LAM1 cells (Tedder et al., J. Immunol. 
144:532 (1990)), resuspended in 100 uL RPMI with 10% 
fetal calf serum (FCS), together with 100 pL of scFv. 

25 Several scFvs that inhibit binding of 

300.LAM1 cells are isolated, and their corresponding 
phage amplified in E. coli. 

The phAbs so selected in the above three 
assays are then individually used to screen commercial 

30 phage-displayed random peptide libraries (New England 
Biolabs). Each of the NEB libraries is screened in 
parallel with each such phage-displayed scFv. The 
magnetic bead method of phage selection is used to 
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screen the peptide libraries, as described in Harrison 
et al., Methods Enzvmol. 267:83-109 (1996). 

Briefly, 2.5 ml of peptide phage 
(approximately 10 12 titer units), 2 . 5 ml 4% MPBS, 50 uL 
Tween 20, and soluble scFv antibody are mixed together 
in a 15 ml tube and rotated at room temperature for 1 
hour. In the first round of selection the 
concentration of scFv approximates 50 nM, which is 
reduced in subsequent rounds, as necessary, to select 
for higher affinity binding. Then 1.5 ml streptavidin 
Dynabeads coated with S, S-biotinylated anti-E Tag 
antibody (Pharmacia RPAS system) is then added to the 
phage-antibody mix and rotated for an additional 15 
minutes. After three cycles of washing, twice with 1 
ml PBS and once with 12 ml 2% MPBS, the phage are 
eluted with PBS containing 50 mM DTT. The eluted phage 
are then titered and repropagated in preparation for 
further rounds of selection, as set forth above. After 
four rounds of selection, individual clones are picked, 
propagated, and sequenced using primers provided by NEB 
for use with its phage-displayed peptide libraries. 

The peptide sequences are input into a 
computer, translated and the amino acid sequences 
aligned to derive one or more consensus sequences. 
Each such consensus peptide is then synthesized as a 
fusion to a synthetic polylysine carrier according to 
Tarn, Proc. Natl. Acad. Sci. USA 85:5409-5413 (1988); 
Tam et al . , J. Immunol. Methods 124:53-61 (1989); 
Posnett et al. f Methods Enzvmol. 178:739-746 (1989). 

Additionally, the following are synthesized 
on polylysine carriers: (1) several peptides with 
sequence exactly as displayed on the selected phage 
(phagotopes) , among which is included the tightest 
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binding phage, as determined by comparing all the 
phagotopes in a quantitiatve ELISA assay as described 
by Valadon et al., J. Immunol . Mgl-hoHs 197:171-179 
(1996); (2) several peptides in which the sequence as 
5 displayed on the selected phage has been extended based 
on the sequence of human L-selectin; (3) several 
consensus peptides the sequence of which is extended 
based on the flanking residues in the contributing 
sequences, per Barchan et al., J. Immunol. 155:4264- 
10 4269 (1995) . 

XenoMice are then immunized individually with 
one of the peptide conjugates using a standard 
repetitive immunization schedule. One half of the 
animals also receive alternative immunization with 
15 300.LAM1 cells. Serum titers are periodically tested 
against both the peptide and L-selectin- IgG. 

Animals displaying titers of anti-L-selectin- 
IgG antibodies in serum are sacrificed, their spleens 
harvested, and fused to create libraries of hybridomas, 
20 according to standard techniques. 

In the first screen of the hybridoma 
supernatants, approximately two weeks post-fusion, the 
supernatants are tested in two parallel ELISA assays, 
one testing for binding of the mimotope conjugated to a 
25 different carrier (KLH, B£ or bovine thyroglobulin) , 
and one testing for binding to L-selectin-IgG fusion 
protein. Horseradish peroxidase (HRP) -conjugated goat 
anti-human IgG is used as a detection agent, as it does 
not cross react with murine IgG, so there is no risk of 
30 the detection agent binidng to the murine IgG moiety of 
the L-selectin chimeric fusion protein. 

Hybridomas that test positive for binding to 
L-selectin are further tested for the presence of human 
kappa light chain, and for binding to serum-derived 



WO 99/53049 



PCT/US99/08276 



51 - 



soluble L-selectin. Hybridomas that produce fully 
human antibodies and bind L-selectin l gG but not 
soluble L-selectin are subcloned. The subclones are 
expanded for production of antibody in the range of 
5 100-500 mg in bioreactors. l gG is purified from the 
culture medium and quantified. 

The hybridoma-produced heterodimeric fully 
human IgG molecules are then tested for their ability 
to inhibit lymphocyte binding in a Stamper-Woodruff 
10 assay, as described above. The quality of the 
antibodies is further assessed by measuring their 
affinity for L-selectin-lgG on the BIACore®. 

Using this process for biasing the immune 
response of human antibody- trans genie mice toward 
15 functional epitopes of L-selectin, fully human IgG/ic 
antibodies are produced with the following properties. 

First, the antibodies discriminate cell-bound 
from shed L-selectin, binding to L-selectin-lgG and L- 
selectin displayed on cell surfaces, but not to soluble 
20 L-selectin affinity purified from human serum. Second, 
the antibodies are able to inhibit lymphocyte binding ' 
to endothelial cells in the Stamper-Woodruff assay. 
Third, the antibodies have affinities that range from 
10nM (1 x 10-° M) to 50 pM (5 x 10"" M) , with the 
25 majority of antibodies having affinities in the range 
of 1 nM to 100 pM. These antibodies are suitable for 
use as in vivo agents to abrogate immune responses that 
require the function of cell-bound L-selectin. 



Example 2 Generation of Antibodies Which are 
Selectiv e for Bl-l and B7-? 

In this example, the use of methods of the 
present invention are discussed in the context of the 
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30 



generation of antibody candidates that bind to both the 
B7-1 and B7-2 molecules. Such molecules are involved 
m B cell and T cell communication and stimulation 
Molecules that act on one or the other, but not both, 
5 are not expected to be therapeutically valuable. Thus 
there has been a considerable interest in generating a' 
molecule that acts against both molecules. 

A> generation of Ti^„ 0 Biased T,ihr, n , 

Human antibody transgenic mammals are 
0 immunized with a B cell line to generate a -panel of 
antibody moieties" or a "tissue biased library" using 
conventional techniques. Such library can be presented 
as a panel of hybridoma cells, a panel of hybridoma 
supernatants, a panel of antibodies, a panel of phage^ 
> or otherwise. To generate the library, in general B 
cells are taken from the mouse and either fused to form 
hybndomas or subjected to molecular biological 
techniques, such as RT-PCR, to. pull out cDNAs to form 
display libraries, once the library is established, it 
w.11 be understood that it will contain variable region 
sequences that have been biased towards the recognition 
of the antigens and epitopes displayed on the B cells 
used for immunization of the mammal. 

B> Screening of thP Ti gg , 1Q BiasPri t.<k,» y 

The panel or library is screened or probed 
against the target molecule, either 37-1 or B7-2 in the 
first instance. Antibody moieties that bind to the 
target molecule, and particularly those that bind with 
an affinity of greater than or equal to 10" 8 M are 
selected for continued study. Binding and affinity can 
be measured using conventional techniques such as ELISA 
and BIACore for example. 
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C. Functional Assessment of the Selected 
Antibod y Moietips 

Those antibody moecules that are selected in 
B above are next assessed for their desired function. 
5 In the present example, cross reactivity of the 

antibody moieties with B7-1 and B7-2 would be assessed. 
Further, an assay in which B cells cultured with T 
cells in the presence of an anti-CD3 antibody could be 
utilized to determine if the antibody moieties 
10 inhibited the production of IL-2 in the culture, il-2 
production -is dependent upon binding of B7-1 and/or 
B7-2 to the counter-receptor, CD28, on T-cells. Those 
antibody moieties that were cross reactive with B7-1 
and B7-2 and inhibited IL-2 production in the above 
15 assay would be selected for further study. 

The process of selection of antibody 
candidates could be terminated at this stage since 
candidates that possess the desired function have been 
identified. However, it is possible to generate 
20 additional antibody candidates with similar function ' 
and enhanced binding through conducting additional 
steps in accordance with the present invention. 
Indeed, since the goal of the present invention is the 
generation of therapeutic candidates, it is desirab'e 
to have numerous antibodies with the desired 
characteristics for evaluation. 

D. Screening Antibody Moieties for the 
Select- i on of Mlmotopps 

As discussed in Example 1, the antibody 
30 candidates identified above can be screened against 
peptides or other epitopic determinants to identify 
mimotopes of the epitopes to which the selected 
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antibody candidates bind. Such screening can be 
accomplished using conventional techniques that are 
well known in the art. 

E. Immunization of a Human Antibody 
Transgenic Mammal with Selected 
MimotODRs an d Selection of Anti hnHi 

Mimotopes selected above are next utilized to 
immunize human antibody transgenic mammals to generate 
a specific immune response against the epitopic 
determinant present on the mimotope. B cells are 
harvested and generally fused using conventional 
techniques to generate hybridoma cell lines, such 
hybridoma cell lines, or supernatants or antibodies 
obtained therefrom, are generally screened against 
15 mimotope and the antigens of interest (here, cross- 
reactivity with B7-1 and B7-2 and blocking binding B7-1 
and B7-2 to CD28) and assessed for binding affinity 
(i.e., generally greater than 10" 6 ) . 

As will be appreciated, the same approach as 
20 delineated above can be used in connection with the 

generation of antibody moieties to a target molecule of 
"unknown" or incompletely characterized function. This 
is particularly useful in connection with the 
generation of early therapeutic leads for genomics type 
25 target molecules. This is to say that once a target 
molecule is identified and sufficient functional 
information about the target molecule is known to 
establish functional assays, the methods of the present 
invention can be utilized to rapidly generate high 
30 affinity human monoclonal antibodies that specifically 
bind to the target molecule and possess certain desired 
functions as determined by the functional assays. 
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It will be appreciated that the present 
invention is not limited to extracellular targets. 
Indeed, the methods of the present invention are also 
useful in connection with the generation of intrabodies 
which may prove useful in connection with acting as 
antagonists or agonists to intracellular targets. 

All patents, patent publications, and other 
published references mentioned herein are hereby 
incorporated by reference in their entirety as if each 
had been individually and specifically incorporated by 
reference herein. 

While a preferred illustrative embodiment of 
the present invention is described, it will be apparent 
to one skilled in the art that various changes and 
modifications may be made therein without departing 
from the invention, and it is intended in the appended 
claims to cover all such changes and modifications 
which fall within the true spirit and scope of the 
invention. 



WO 99/53049 



PCT/US99/08276 



- 56 - 

WHAT IS CLAIMED IS : 

1. A method of biasing the immune response 
of a mammal toward a desired epitope of a chosen 
antigen, comprising the steps of: 

(a) selecting, from a phage-displayed 
antibody library, at least one phage-displayed 
antibody (phAb) that binds to said antigen; then 

(b) selecting, from a phage-displayed 
peptide library, at least one phage-displayed 
peptide that binds to said antigen-specific phAb 
and that mimics a desired epitope of said antigen; 
and then 

(c) immunizing a mammal with said 
peptide mimic. 

2. The method of claim 1, further 
comprising at least one iteration of the subsequent 
steps of: 

(d) constructing a phage-displayed 
antibody library from immunoglobulin transcripts 
of said peptide mimic- immunized mammal; 

followed in order by steps 
(a) - (c) . 

3. The method of claim 1, further 
comprising the step, after step (b) or after step (c) , 
of: 

immunizing said mammal with said 

antigen . 
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4. The method of claim 1, further 
comprising the step, after step (a) and before step 
(b), of: 

further selecting from the phAbs 
selected in step (a), for further use in step (b) , only 
those phAbs that functionally affect said antigen. 

5. The method of claim 1, wherein said 
phage-displayed antibody library is constructed from an 
antibody-transgenic mammal . 

6. The method of claim 5, wherein said 
antibody-transgenic mammal is a human antibody- 
transgenic mammal. 

7. The method of claim 6, wherein said 
antibody-transgenic mammal is a mouse. 

8. The method of claip 1, wherein said 
phage-displayed antibody library preferentially 
includes variable regions derived from IgG transcripts. 

9. The method of claim 1, wherein said 
phage-displayed peptide mimics are selected in step (b) 
by screening said phage-displayed peptide library with 
at least one of said antigen-specific phAbs . 

10. The method of claim 1, wherein, in step 
(c) , said immunizing peptide mimic is a phage-displayed 
peptide selected in step (b) . 
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11. The method of claim i, wherein/ ±n 
<c>, sa ld lmizing peptide ^ 

T all y - synthesi2ed Peptide the amino acid 

" " 3 Pl ™—< Peptide selected in 

13. The method of claim 11, wherein said 
^-™esi ze d PePt^e includes an 
seance that i s a consensus of amino acid sequence of 
Phage-dasplayed peptides selected in step (b) 

ch^i 1n U ' meth ° d ° f claia herein said 

chem.call y - sy nthesi 2 ed peptide is con^ated to a 



15. The method of claim 14, wherein said 
carrier is a protein. 

carrier i ^ ° f Claim Wherein 

earner ls a synthetic polymer. 

17. The method of c i aim 16 , wherein 

polymer consists essen1-i =1 l „ * v 

ess entially of branched polyl ysine . 

18. The method of any one of claims 1 - 4 
Merein Said a *tigen is L-selectin. 

S(al , 19 ' method of ciaim 18, wherein said L- 

selectm is human L-sel ec tin. 
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20. The method of claim 19, wherein said 
■mammal is a human antibody-transgenic mouse. ' 

21. The method of claim 4, wherein said 
antigen is human L-selectin and said phAbs function to 
inhibit lymphocyte binding to endothelial venules. 

22. A method of making a human antibody that 
is specific for a desired epitope of a chosen antigen, 
comprising the steps of: 

(a) biasing the immune response of a 
human antibody-transgenic mammal toward said 
epitope according to the method of any one of 
claims 1-4; and then 

(b) isolating an antibody from said 
mammal that is specific for said epitope of said 
antigen. 

23. The method of claim 22, wherein said 
human antibody-transgenic mammal is a human antibody- 
transgenic mouse. 

24. A human antibody that is specific for a 
desired epitope of a chosen antigen, produced by the 
process of claim 23. 

25. The antibody of claim 24, wherein said 
antibody is monoclonal. 

26. The antibody of claim 24, wherein said 
antibody is specific for an epitope of human L- 
selectin. 
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27\ The antibody of claim 26, wherein said 
antibody is igG. 

28. The antibody of claim 27, wherein said 
antibody has an affinity of less than 10- M . 

29. The antibody of claim 26, wherein said 
antibody inhibits binding of lymphocytes to endothelial 
venules. 1 

30. The antibody of claim 24, wherein said 
antibody is specific for an epitope of a melanoma- 
associated antigen. 

31. ■ The antibody of claim 30, wherein said 
antibody is specific for an epitope of the melanoma- 
associated gplOO antigen. 

32 • A llfa rary of antibodies or antigen- 
binding antibody fragments, wherein said antibodies or 
antibody fragments derive from a mammal with immune 
response biased according to the method of any one of 
claims 1-4. 



33. The library of claim 32, wherein said 
antibodies are human antibodies. 

34. The library of claim 33, wherein said 
antibody fragments are ohage-displayed scFv f ragm 



tents . 



35 ' The lib «ry of claim 33, wherein said 
antibody fragments are phage-displayed Tab fragments. 
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36. The library of claim 33, wherein said 
antibody fragments are soluble scFv fragments. 

37. The library of claim 33, wherein said 
antibody fragments are soluble Fab fragments. 

38. The library of claim 33, wherein said 
antibodies are heterodimeric IgG/K antibodies. 

39. A method for generating an epitope- 
expression profile of a given protein, comprising: 

(a) contacting a plurality of biased 
antibody libraries with said protein; 

(b) detecting the binding of said 
protein to the antibodies of said libraries; 

(c) collecting said binding data into a 
single data structure. 

40. A method for generating a human-like 
antibody having a desired function against a target 
molecule, comprising: 

(a) providing a panel of human antibody 
moieties that are derived from human antibody 
transgenic non-human animals that are immunized 
with cells .epresenting selected tissues; 

(b) probing the panel of antibody 
moieties with the target molecule and selecting 
antibody moieties that bind to the target molecule 
with an affinity greater than 10" 8 M; 

{c} functionally assessing the selected 
antibody moieties from the probing step for the 
desired function and selecting those antibody 
moieties that possess the desired function; 
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(d) screening the antibody moieties 
selected in the functionally assessing step with 
peptides to determine and select mimotopes of the 
target molecule; 

(e) immunizing a human antibody 
transgenic non-human mammal with mimotopes 
selected in the screening step; and 

(f) recovering human-like antibody 
moieties from the transgenic mammal that bind to 
the target molecule with an affinity greater than 
10 -8 M and possess the desired function against the 
target molecule. 
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